Biochemical analysis of a missense mutation in aceruloplasminemia.
Aceruloplasminemia is an inherited neurodegenerative disease characterized by parenchymal iron accumulation secondary to loss-of-function mutations in the ceruloplasmin gene. To elucidate the molecular pathogenesis of aceruloplasminemia, the biosynthesis of a missense mutant ceruloplasmin (P177R) occurring in an affected patient was examined. Chinese hamster ovary cells transfected with cDNAs encoding secreted and glycosylphosphatidylinositol (GPI)-linked wild-type or P177R human ceruloplasmin were examined by pulse-chase metabolic labeling. These experiments, as well as immunofluorescent analysis and N-linked glycosylation studies, indicate that both the secreted and GPI-linked forms of the P177R mutant are retained in the endoplasmic reticulum (ER). The P177R mutation resides within a novel motif, which is repeated six times in human ceruloplasmin and is conserved in the homologous proteins hephaestin and factor VIII. Analysis of additional mutations in these motifs suggests a critical role for this region in ceruloplasmin trafficking and indicates that substitution of the arginine residue is critical to the ER retention of the P177R mutant. Metabolic labeling of transfected Chinese hamster ovary cells with (64)Cu indicates that the P177R mutant is retained in the ER as an apoprotein and that copper is incorporated into both secreted and GPI-linked ceruloplasmin as a late event in the secretory pathway. Taken together, these studies reveal new insights into the determinants of holoceruloplasmin biosynthesis and indicate that aceruloplasminemia can result from retention of mutant ceruloplasmin within the early secretory pathway.